We present a long-term photoelectric and charge-coupled device (CCD) photometric study of the short-period W UMa star V523 Cas made from 1986 to 2000. The orbital-period changes and light-curve variations of the binary system are studied. 47 new times of minima are obtained from our data. A period study covering more than 43 000 cycles based on the photoelectric and CCD photometric times of minima confirms the long-term, secular period changes of the system. It is found that the orbital period has been continuously increasing in the past three decades at a rate of dP/dt = 8.84 × 10 −8 d yr −1 . No cyclic period variations are found from our result. Eight V and five B completely covered light curves are formed from the observations made in eight epochs. The light curves are of W UMa type and show marked asymmetries with unequal maxima. The differences between the two maxima in each light curve appear to be cyclic over a time-scale of about 8 yr. Based on a one-spot model, the light curves are analysed with the Wilson-Devinney code. The photometric solutions reveal a W-subtype, contact configuration for V523 Cas. The photometric mass ratio is found to be 0.51, and the masses and radii for the components are deduced as 0.75 ± 0.03 M , 0.74 ± 0.04 R for the primary and 0.38 ± 0.02 M , 0.55 ± 0.02 R for the secondary, respectively. We discuss the evolutionary status of the system as well as the possible spot activity along with the mass transfer among the components.
I N T RO D U C T I O N
V523 Cas (Wr 16, GSV 5867, GSC 03257−00167) is an overcontact, W-type W UMa binary system with a very short orbital period. Its variability was discovered by Weber (1957) . Haussler (1974a,b) provided the first light curve and period, and he classified it as a W UMa star through photographic observations. At about 0.23 d, the orbital period of V523 Cas is one of the really shortest among late-type W UMa stars. It has been studied frequently in the past decades. A series of photometric studies have been made on the system by several groups (Lavrov & Zhukov 1976; Bradstreet 1981; Hoffman 1981; Giurincin, Mardirossian & Mezzetti 1982; Zhukov 1985; Maceroni 1986; Samec & Bookmyer 1987; Samec, van Hamme & Bookmyer 1989; Lister, McDermid & Hilditch 2000; Elias & Koch 2000) . The first radial velocity measurements were made by Milone, Hrivnak & Fisher (1985) . The results of most of the photometric studies mentioned revealed a W-type, overcontact configuration for the system. The values of the mass ratio derived from photometric solutions, which range from 0.5 to 0.6, however, are quite discrepant with the mass ratio of 0.42 determined from the spectroscopic study. This result was found by Maceroni (1986) and reviewed in detail by Samec et al. (1989) and Lister et al. (2000) . E-mail: xzhang@bao.ac.cn Very recently, Rucinski et al. (2003) contributed a new spectroscopic study of V523 Cas. Based on a much improved radial velocity curve, they provided a mass ratio of 0.516 ± 0.008, which is close to the photometric result of Lister et al. (2000) . It would seem that the long dispute about the discrepancy between the photometric and spectroscopic mass ratio of V523 Cas is over.
V523 Cas is also noted for its light-curve variations and large period changes. The light-curve variations of V523 Cas were first studied by Zhukov (1985) . With all available light curves published previously, he found both long-term and short-term cyclic variations, which were interpreted as the existence of a 10-12 yr sunspot cycle on the primary component of the system. Such cyclic light-curve variations were later confirmed by Samec & Bookmyer (1987) . However, they argued that the variations might be caused by an O'Connell effect (O'Connell 1951 ) with a possible period of about 5 yr. Based on a starspot hypothesis, Samec et al. (1989) and later Elias & Koch (2000) modelled the asymmetry of the light curves.
The large period changes of V523 Cas have been indicated by many authors (Hoffman 1981; Samec & Bookmyer 1987; Lister et al. 2000; Elias & Koch 2000) . A very recent period study of the system was contributed by Samec et al. (2001) . Based on a large collection of minimum light timings with a time-span of about 100 yr, their period study confirmed the long-term period increase of the system. In addition to the secular period changes, they further found a sinusoidal variation from the O-C residuals. Samec et al. (2001) thus suggested that V523 Cas could be a triple star system containing a third companion with a period of about 101 ± 8 yr.
For the peculiar behaviour in light-curve variations and period changes, V523 Cas has been listed as one of the programming targets of our long-term photometric observations. Since 1986, we have observed this system for 10 campaigns in 15 yr and collected a large amount of measurements. In this paper we shall report the observations and investigate the long-term photometry of V523 Cas. Our aim is to study the main characteristics of the period and light-curve variations, and to derive the photometric solution for the system based on the Wilson-Devinney code (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 ).
O B S E RVAT I O N S
All the observations were carried out at the Xinglong Station of the National Astronomical Observatories, Chinese Academy of Sciences. From 1986 to 2000, we have observed V523 Cas in 10 observing seasons of , 1988 of , 1990 of , 1991 of , 1992 of (three), 1994 of , 1996 The exposure times were set as 10 s. A single V filter was used. The charge-coupled device (CCD) photometry in 2000 was carried out also on the 85-cm telescope with a red-sensitive Thomson TH7782 576 × 384 CCD photometer (Wei, Chen & Jiang 1990; Zhang, Zhang & Fang 2002; Zhang & Zhang 2003) . A Johnson V filter was used. The exposure time was 30 s for each measurement. The comparison and check stars are the same as that used for the 1986-1994 observations. The data reductions for the 1996 and 2000 observations were made following that described by Zhang et al. (2002) . 
T H E O R B I TA L -P E R I O D C H A N G E
A total of 47 epochs of minimum light were determined from our data, including 24 primary and 23 secondary eclipses. By using the K-W method (Kwee & van Woerden 1956) , the times of minima were derived. These are listed in Table 2 along with all the available photoelectric and CCD times of minimum light published since Lavrov & Zhukov (1976) . The collected times of minima in Table 2 The O-C residuals for all the times of minimum light with respect to the linear and quadratic ephemerides are given in Table 2 . In Fig. 1 , we present the O-C diagrams of the period analysis. The left panel in Fig. 1 illustrates the quadratic fit to the linear O-C residuals from the second ephemeris, and the right panel plots the final residuals calculated from the quadratic ephemeris. It strongly suggests that the system was undergoing a long-term, strictly continuous period increase during the past 30 yr. The rate of the orbital-period increase turns out to be dP/dE = 5.66 × 10
This value is close to the results recently obtained by Lister et al. (2000) but much larger than that derived by Samec et al. (2001) . Moreover, unlike Samec et al. (2001) , we did not find any obvious evidence for cyclic period variations from the final O-C residuals of the present study.
T H E L I G H T C U RV E S A N D P H OTO M E T R I C A NA LY S I S

The asymmetry and variations of the light curves
Using the new quadratic ephemeris derived above, we calculated the phases for all the measurements obtained from the long-term photometry. These observations were finally formed into eight V-band and five B-band complete covered light curves. They are presented in the left panel of Fig. 2 as m versus phase. In Table 3 we list the main feature parameters of the V-band light curves observed in the eight different epochs, including the depths of eclipses to the primary maximum light (Max. I − Min. I and Max. I − Min. II) and the differences between the primary and secondary maximum Table 2 . Photoelectric and CCD times of minima for V523 Cas and residuals calculated from the linear and quadratic ephemerides. Lavrov & Zhukov (1976); 2, Bradstreet (1981); 3, Hoffman (1981); 4, Samec & Bookmyer (1987) ; 5, present study; 6, Agerer ( light (Max. I − Max. II) for each light curve. Here, the primary and secondary maxima are defined as that following the primary and secondary minima, respectively. The general feature of the light curves is typical of W UMa systems. It is clear that almost all the light curves detected show marked asymmetry and obvious variations from one epoch to another. It seems that the asymmetry and variations of the light curves in different epochs occur in a 'same' range of phase. From Table 3 , we find that the eclipse depths to the primary maximum seem to remain nearly constant, while the difference between the primary and secondary maxima varies obviously with time. In some epochs (1986, 1988, 1990, 1994 and 1996) , the secondary maximum is brighter than the primary; in the other seasons (1992 and 2000) , the secondary is clearly fainter than the primary. To show the light-curve variations more clearly, we plot all the eight V-band light curves together in one panel after zero-point shift corrections (Fig. 2b) . It is found that all the light curves fit each other well in most parts of a cycle except the part with phases between 0.6 and 0.9. This indicates that the light-curve variations of V523 Cas may depend mainly on the brightness changes of the maximum light following the secondary eclipse. Zhukov (1985) stated that V523 Cas displays a strong O'Connell effect. He inspected the behaviour of the difference between the maxima of the light curves observed between epochs 1971.74 and 1981.79, and declared a 10-12 yr cyclic variation. Samec & Bookmyer (1987) studied the subject again on V523 Cas and suggested a probable period of about 5 yr for its light-curve variations, although they found that such a cyclic variation is not apparent. They argued that, to evaluate the true nature of the variations, more light curves over a longer time are needed. In Fig. 3 , we add our data for δm = Max.I − Max.II to those published by Zhukov (1985) and Samec & Bookmyer (1987) and plot the diagram of the long-term variations of δm. In this figure, a data point of δm = −0.02 with epoch of 1998.99 is estimated from the figure of light curves published by Lister et al. (2000) . It shows that the amplitude of Max. I − Max. II was indeed undergoing a systematic and continuous variation in the past 30 yr, which appears to be somewhat cyclic but not strictly periodic. The time-scale of the light curve variations is about 8 yr or so.
The asymmetry of the light curves of V523 Cas is generally suggested to be caused by starspot activity (Zhukov 1985; Samec & Bookmyer 1987) . With the starspot hypothesis, Samec et al. (1989) and Elias & Koch (2000) successfully modelled the asymmetry of their light curves. Following them, we will analyse the light curves in the present work also based on a starspot model.
Photometric solutions
We used the Wilson-Devinney (WD) method for light-curve analysis. The 1992 version of the WD code (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 ) was employed. All the individual light curves were combined into normal points and were used for further analysis.
According to photometric analysis by previous authors, V523 Cas is a W-subtype contact system. The less-massive component has the higher surface temperature and contributes less brightness for the system. It should be the star eclipsed during the primary minimum. Thus we defined the less-massive component as star 1 and the massive component as star 2 in the following analysis. The following assumptions were made in the computation of photometric solutions. The temperature of star 2 was set at T 2 = 4410 K, corresponding to the spectral type of K5V of the system (Cox 2000) . The gravity darkening exponents were taken to be g 1 = g 2 = 0.32 (from Lucy 1967), and albedos A 1 = A 2 = 0.5 were adopted (following Rucinski 1969 ). The limb-darkening coefficients were taken as x 1 = 0.80, x 2 = 0.82 in V band and x 1 = 0.89, x 2 = 0.91 in B band, based on the new result from Diaz-Cordovés, Claret & Gimenéz (1995) . The adjustable parameters are the orbital inclination i, the mean temperature of the first star T 1 , the potentials 1 and 2 of the components, and the non-dimensional luminosities L 1 and L 2 .
The first step is to derive the geometrical system parameters through the unspotted light-curve synthesis. Because of the unequal maxima, we could not obtain a satisfactory fit to both quadratures of the light curves simultaneously with the unspotted synthesis. To solve this problem, we removed all the points around the secondary maximum in each light curve (i.e., to set the weights of the normal points between phases 0.6 and 0.9 as zero) and fit the first quadratures only. This could be the right way to obtain the proper solutions as we have discussed in the above section. We began the test solutions with the 1996 and 2000 light curves since they were obtained from high-speed photometry and have higher accuracies than others.
Around the new spectroscopic mass ratio of Rucinski et al. (2003) , a set of test solutions was made at the outset to search for an approximate mass ratio for our photometric solutions. The test solutions were computed at a series of mass ratios q = m 2 /m 1 with values 1.5, 1.7, 1.8, 1.9, 1.95, 2.0, 2.1, 2.2 and 2.5. At each assumed mass ratio, the differential correction (DC) program started from mode 2 (detached) and rapidly ran into mode 3 (contact). After several runs in iteration, a converged solution was reached for each assumed q. Fig. 4 plots the relation between the resulting sum of weighted residuals w 2 (O−C) 2 and the assumed q for all the test solutions made for the 1996 and 2000 light curves. For both the light curves, it seems that the most probable solutions would be obtained somewhere around q = 1.95. Then we ran the DC program again and let the mass ratio be adjusted freely along with the other adjustable parameters and got the best-fitting solutions for the 1996 and 2000 light curves. Subsequently we adopted the solutions as the initial inputs for the unspotted synthesis to the remaining light curves. In this way, the geometrical solutions were carried out for all the light curves.
After that, the starspot model was employed to perform a further analysis for all the observations of the light curves. Following Samec et al. (1989) we placed the assumed spot on the massive component (star 2). The adjusted parameters are the spot temperature T s (given as a fraction of the surrounding photospheric temperature), the spot radius r s (defined as half the angular diameter of the spot), the spot co-latitude (0-180 • , measured from the north to the south pole of the star) and the spot longitude (0-360
• , measured for each star anticlockwise from the meridian at the substellar point to the other component). In our hotspot model, the spot co-latitude is fixed at 90
• (i.e. on the equator). The preliminary spot longitude could be found approximately from the phase of the maximum brightness of the light hump caused by the spot on the secondary component. The other two spot parameters, T s and r s , are calculated by adjusting the theoretical light curves to fit approximately the observed distorted light curves. Finally we obtained the photometric solutions for all the light curves. The results are given in Table 4 . In Fig. 5 , we plot all the light curves obtained in the eight epochs as well as their best fits based on the final solutions. For the 1996 light curve, we present here only the normal points, as the amount of individual data is too large.
R E S U LT S A N D D I S C U S S I O N S
We have presented the long-term photometric study of V523 Cas. The results of period analysis and light-curve synthesis allow us to draw the following conclusions:
(1) Based on the starspot model, we modelled all the light curves obtained by the long-term photometry with the WD code. The solutions carried out for each individual light curve match each other very well. That implies the reliability of our results. The photometric solutions confirmed the W-subtype overcontact configuration for the short-period binary V523 Cas. The secondary component (the lessmassive star, hereafter) has the higher surface temperature though it contributes less brightness than the primary. The difference of surface temperature between the two components is about 300 K. This result is very close to that derived from the solution (i) by Lister et al. (2000) . The mass ratio derived from our photometric solutions is in broad agreement with Lister et al. (2000) and is very close to Rucinski et al. (2003) .
Using the results of both the photometric and spectroscopic solutions, the absolute parameters of the system can be derived. If we take the average values of mass ratio of 1.954 and the orbital inclination of 83
• .14 obtained from the photometric solutions for all the light curves, and adopt the mass function of f (M) = 1.110 ± 0.024 M from Rucinski et al. (2003) , the masses, radii and luminosities of the components of V523 Cas are calculated as listed in Table 5 . Based on these, it is possible for us to discuss the evolutionary status of the system.
The values of mass, radius and luminosity deduced for the massive primary component agree very well with those for a K5V mainsequence star according to the calibration of main-sequence stars (Cox 2000) . As for the secondary component, the deduced values for its mass and radius strongly suggest that it could be a mainsequence star with a spectral type of M2V, while its luminosity is about four times larger than that of an M2V star. This situation is common for the W-subtype W UMa systems and used to be explained by an assumed energy transfer from the primary to the secondary based on the TRO theory (Lucy 1976; Robertson & Eggleton 1977; Vilhu 1982; Rucinski 1986; Eggleton 1996) . If this were the case, for V523 Cas, it would require energy exchange with an amount of about 0.9 L , which is about half of the primary's luminosity! However, there is no evidence for underluminosity of the primary component found according to our deduction. Thus we suggest that the secondary cannot be a normal main-sequence star but is an evolved, radial compressed star. This is to say that the star V523 Cas cannot be a zero-age contact system; rather, it should be formed through mass exchange after mass ratio reversal. If so, probable mass overflow and angular momentum loss could play important roles during the formation and evolution of this system. (2) Our long-term photometry provides a large amount of new timings of minimum light for the system. That enables us to compile a large collection so as to investigate the long-term behaviour of the orbital-period changes to a high accuracy. The O-C analysis of the times of minimum light indicates that the binary V523 Cas is undergoing rapid continuous period increase. This period increase could be interpreted by mass transfer from the secondary to the primary component. If the mass transfer is conservative, neglecting the possible mass and momentum loss from the system, the lower limit value of the mass transfer rate is computed to be 9.17 × 10 −8
M yr
1 . The time-scale of mass transfer thus turns to be about 4.2 × 10 6 yr, which is far less than the thermal time-scale of the secondary component (6.1 × 10 7 yr) but larger than the dynamical time-scale (of about 3.3 × 10 5 yr). It implies that the mass transfer is taking place in a time-scale shorter than the thermal time-scale. The secondary component does not remain in thermal equilibrium, and the mass transfer is expected to be continuing for a long time until the mass ratio of the system becomes small enough.
In addition to the secular period increase, Samec et al. (2001) reported a sinusoidal variation with an amplitude of 0.036 d in a period of about 101 yr. In our case, no such cyclic variations can be found within the residuals of ±0.004 d (Fig. 1) . We note that the data Samec et al. (2001) used for their period analysis were mainly obtained in visual and photographic observations and contained big gaps, though the time-base is long enough. The large scattering would thus be unavoidable in their fittings. However, our period study could not exclude the possibility of such a long-term sinusoidal variation, since the time-base of the data set we used is not sufficiently long. More observations on the star are still required.
(3) The spot assumption can give fairly good fittings to the asymmetric and varying light curves of V523 Cas. From the photometric solutions we note that the spot seems to remain at nearly the same position, but the size and temperature of the spot vary in different epochs. The radius of the hotspot is always small while that of the cool spot is systematically large. The average values of the hotspot and cool spot are T spot /T 2 = 1.22 ± 0.03, r spot = 8.5 ± 3.3 and T spot /T 2 = 0.85 ± 0.05, r spot = 17.8 ± 1.0, respectively. The asymmetry between the Max. I and Max. II of the light curve used to be suggested as due to the O'Connell effect (Zhukov 1985) , and its variations were attributed to starspot cycle. However, the physical nature of the spot model is still open for discussion. In view of the rapid mass transfer between the components, as indicated above, a possible connection between the spot activity and the mass transfer could not be excluded. Because of the rapid mass transfer from the hot secondary, we suggested that there might be a large amount of gas upon the trail hemisphere of the cool, massive component. If the gas is optically thick, it could block part of the brightness from the star, and thus it presents as a cool spot. When the stream is captured by the component, while the kinetic energy as well as the thermal energy brought about by the mass flow would serve as an additional luminosity released from the star, that would present as a hotspot. However, to create such a model satisfactory for a comprehensive description of the mass transfer and the spot activity goes beyond the scope of the present work.
S U M M A RY
We have presented a 15-yr photometric monitoring on the very shortperiod W UMa system V523 Cas. Our goal is to investigate the long-term light-curve and period variations of the star. The system displays obviously the O'Connell effect and cyclic variation with a time-scale of about 8 yr. Its orbital period is found to have been continuously increasing during the past three decades. Based on a one-spot model, all the light curves formed from the observations are analysed with the WD method. The photometric solutions reveal an overcontact, W-subtype configuration for the system. The mass ratio derived from the photometric solutions agrees with the new spectroscopic result of Rucinski et al. (2003) very well. Absolute parameters of the component stars are deduced according to the results of our photometric analysis. Based on these, the evolutionary status of the system, the mass transfer between the components as well as the probable spot activity of the star are discussed.
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